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PROCEDE ET INSTALLATION DE FORAGE EX DE CHEMISAGE D'UN 
PUTT8, NOTAMMENT DUN PUTTS DE FORAGE PETROLIER, AU 
MOYEN DE TRONCONS TUBULAIRES ABOUT ES INITIALEMENT 
SOUPLES. ET DURCIS IN SITU 

Le prtante invention concern ua pcoetdc* pour foreretchcfinaerunpuits, 
notatnmenf un penis dc forage p£*rol'er,an moyco d'un ensemble de boacons tnbulairc* 
- ou preTormcs - similaires, imtalemeat soupks, aptes e toe repltccs loogtuduutoncot 
far dlet-mtoet pour toe introduites dans (e puits, pots i toe deptf ccs racfiafcnvfll sons 
5 reflet d'une pitssaoo interne pour prendre unc forme cylindrique, ct enfin a toe 
rigufcfieet iiLflfii par polymerisatioo de lew peroi , Pe o cc m bre m cnl transversal d'une 
preTorme reptile tont de dimension maximal* sensibleaent iofcneuie k too dietaetre 
interne el'tetdeplie^et lesdites prcTormes possenant unc portioo d*cxtremk£ doat te 
duuntoe - apres depiiement - est l egcicm eat sopiricmk ceJui de In preTonne, cc qui 
10 permet four jonction boot-e-boct per emboltonent, avec reoauvreaicnt de Indite portioo 
d'exttfaini 

Ainsi, en reeounnt k ce type de preTorme. qui est connue en toi 
. notnmment per le document WO A -94/21 887 -iicst possible d'obtenir ua cfeemisage 
^>> d^diametrecciistafitsttrtcw 

15 A cet c*gara\ it ooavtent de nppeler qu'avec des chemisages (ou tubages) 

trnditioaneU constitues per des tubes en uder> oa est oblige* d'utiltser des troncoas 
tubulaifestelescoc*ques,acUatt^ 

des probJemes d'inttnlintsoB et d'exploi tuion riseneure du pints. 

L'objeetif de ('invention est de propo s er un proceae* de forage ct de 
20 chemissje du puics, i C'nidede preTormcs du type meatioane* d-destus, qui puisse toe 
mis en oeuvre de maniere simple et raptde, a faible coQl 

Pour ccJa, et oonfonnltneat k (Invention, on commence par mcttrc en 
plsoeun premier tronco^ 
tronooae^tDUmeevmlebas. 
25 l^prooWseloollnventkMcomprendlo 

a) on Tsit passer axialement, de haut en bat, a Craven ledit trooooo, un 
outil de forage, et oo fore au-desxxts et dans le prafocgeinent de ce troncpn un trou de 
fc«incetoeprofoc4eurac^tfeesp le uoncon suivant ; 

b) oo retire 1'oatfl de forage ; 

30 c) on introdwt une preTorme. k Teat replied a rinteneur du pints en la 

f aisant traverser le tronoon deja en place, et on la postioone coo verabl emtnt a I * intdncur 
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du uou, aa portion d*extr4mit£ haute verunt se placer a I'interieur de U portion d'ex- 
Utmite' clargie du troogoo ; 

d) on wtroduit un timeni fluide au food du trou, autour de U portion 
d'extztroiti basse de U preYormc ; 
5 c) oo introduit un fluide sous press* on, de deositri supeneure a la dens'ie* 

du dmenu i ITnterieur de U preTonue alia de la deplier rmduletnent, pro gi c ssi vement de 
bas en haul, en refouUnt le ciment, Cgelement de bas en haut, autour de U fveTorme, 
corureUparaidutrou ; 

Q tout en maintenant U prcTonac sous ptession interne, oo en cfaauffc la 
10 paroi pourUpolyinenscr ; 

g) le ciment ayant pris, et la preTorme ayant duici poor oonatttuer un 
trongoo tubulairc ripde dc chrmisagt. on retiie axialement lea outUUgcs ayant setvi an 
gonfls^etaUpdvmensanon& 

h) on retCere ropemtioa pour kf tron$oos fuivanu, jusqu'a obtenir la 
IS longueur da puila chemise* souhaitec 

Lorsque, comae cda sera exptiqud plus loin, ta prtforme preaenie dea 
reserves de restne specs a migrcr vers Texteneur pour former dea verroos i 
d'6ancae1te\lepottuca«meflidem 

De maoiere pankniUerementavantageuse, on utilise un outit de forage dn 

20 a^me utpeiuapCcaoccupersclccti^ 

premier <tat d'eacombremeut minimal. Ins penacttaat de passer a nmetiear du tronoon 
deja eo place, ua eecondeutt, d'cacombfcsncat intermediate, pour le forage de la parte 
principal* du trou et un troisieme e^at, d'eacomhrement maximal, pour le forage de la 
parte du uou dead nee a lecevoirla porton clargie de la pttTorme* 

25 Daiaun mode dc realisation prtTe^^ 

a la polymerisation de la prffonne, siusi qu'a la distribution du ciment, compread une lete 
a double valve placed eg fautiebaaaedeaipitf 
HuidedegoafUs^ a Finland 

LlnstaUatifla de foray et de cnemisage. qui fait cgalemcnt parte de to 

30 prenteinveno^ servant kUiniaecnoeovre 
qu*etle compread, en tf»e de pints : 

- une bobine de stockage et de reception, i l'&al enroule*, de ladite 

preTonac ; 

- une tete swptombant l'eatrec du puiti, apte a penaettee le guidagc et 
35 I'intiDduction, dans le puits, de lapce/orme ct des diflervats ou tillages servant au forage 

du pui is ainsi qu'au gonflage et a la pot ytnenaation de la preTorme ; 
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* det bobioet de stockage aTefet enrooW de tuba m&aUiqucs elastique* 
meat deTcnuabtes apces i fsire desceadre et ranootericadittou(ill«^duif kpiuts»ruj] 
de ccs tubes coateaaat no dbie fervent a 1 'alimentation de U prtforme co oouiant 
dectriquc; 

5 ^ttogeoeimfeeurdeoouraaifiectrique. 

D'autres caiactenstiqucs el a vantages de rinvcntioo apparaltront de la 
description et des dessins annexed qui ea lepreaenleat, a simple litre <T exemples noo 
limitatifs ua mode de mite ea oeuvre peeTcre*. aiasi que TimtilUtion ionripondante. 

Surcesdesaias: 

10 -lea figures 1 a4 soat des vues sefeematiques, ea coupe axiale, montraot 

lea difTertates tape* de I'Cferstion de forage de la purtie de poits qui doit lecevoir la 
pieTonac ; 

* la figure 5 est una tub srtrfmstiquc d*uae preforroc ct do rpnffllagc doat 
die est aoUdaire, avaat mass ea place, dans le puits; 

15 - les figures 6 et 7 soat des vues portieUes de I 'extremity basse de la 

prtTonae, destiaees a illustrer le priacipe de la double valve doat est pourvue la tetc 
d'orittagei 

-]esfigtra8al5iUustrtitf les 
prtformeau bout d*untroooc»de)aeo place; 
20 - la figure 16 rcprtseate scfaemaiiqueaieat, ea coupe axiale, ua poits 



* la figure 17 est use vue schemaaqoe mootnnt les daffeeats materiels 
coastitutifs de PiastaUaaoa, aitues ea surface (tte de puiu) ; 

- les figures 18 a 30 - aecaelle plus petiie - illustreat le fcocnooaenjeat de 
25 \ 'tnstsilanoa au oours des difrerentes tapes du caeansage. 

La figure 1 reprfsente L'extremiul basse d'ua puits vertical en eoun de 
forage etde cheausage. Ce puits, incompletemeat fort, compofte ua cbemisage ocjaca 
place sous forme d'un tube cyU ndrique rigkJe 2 prtsemant une portioa d'extremite* basse 
20eTargie. 

30 LsdiametrcDfecetle parte 20 est tt^ 

d de la panic priadpale 2, st bieo qu'il est possibl e d'erobotter les urn data les an tret des 
troacoas 2, avec recouvremeat des parties d'extremite* 20. 

Le troocoo de cbemisage 2 est sceUe omlepuittparuacuaentpenpben- 

que 200. 

35 Nous aliens maipicaaat dfaire de quelle maalere va toe mis ea place, a 

l'aide do prootde* de riavcatioa, le uucpasutvaat, destined eta 
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Pour cda, comme iilustr* aux figures 1 4 4, on commence par forer on 
tiuu destine a icucvuir ot tronoon. 

A cet eiTet on utilise on outa) de forage 1, du genre trepan, qui a la 
particularity de pouvotr etre tttneti on dilate* radial em eel, dans trots 6t*to d'encom- 
5 brementdUTerealSL 

Dansun premier tot, illustrt a U figure 1. l'outil est rttracagau maximum 
de idle manicre que an plus grande dimension traasvesaale autorise son Ubce passage a 
I •iat&ieur du troaooo 2, ajdalemeat a travers ceiui-cL 

Dans etc tat, aoneneombrcment est done pins petit que d. 
10 De menifcre connae, l*outil de forage 1 est fix* I Kextrtai t£ d'une tige 

tubolairc 10, qui porte la moceurd*entrateement (nan represent*) de roatil en rotation, et 
lea organea assurant son dCptoiemeat ou sa contraction racfiale. 

Comme on le vena plus loin, la tige 10 est manias a I'cxtrtaitf d'on tube 
mtallique apte k toe enrouW sur un tambour recepteur dispose en surf ace, entttede 
IS puita. 

Dans un second tat de dlptaement radial, illurtrt a la figure 2, Upartie 
coopante 12 de Poutil possfede un diametrede travail eenaibtancategal k D. 

L'onfflayajtttadcaceaduaxiato 
<Uja en place, an provoque ce d^ploiement radial au diametre D loraqu'tl est arriv£ a 
20 nateriairde la portion targie2& On a^ 

vantsedeacente comme Mustrt par tafkeae Ft i U figure 1. 

On realise ainsi le forage d*un trou qrlindUq^MdiamtoD v con]dalatt 
troneon 2. dans le prdongemcnt de celuM, dans le sol 5. 

La profoodeur de forage cor r e sp o n d k la longueur du tronoon que Ton 
25 souhaitemettre en place. 

L'outil 1 possfcte des organes de coupe additkunels 11 qui pcuventetre 
deployta radsalemeot a on diametre supftieur a D, afin de pouvoir reoevoir la portion 
targje da tronoon a mcttra an place, 

Comme Must* a la figure 3, par renwotA: de l'outil sck» P 3 , on realise 
30 ainsi uatargissementdu trouSsur tmecertsinebauteur. 

AUfigure4ooad^gii^parUr6f<m«30Uj»radclap^epriDdpalc 
dutrou3, par la reference 31 Upatoideu portion targieet par Urdftaitt 
basse du trou, dont le diametre D est le m&ne que cdui de la partie 30. 

Upitfonnc4reprtscntaetchtoa^ 
35 geoeial que cdl e dfaite en dtaU dans le WO-A-94/21 B87 deja cite. 
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Neafimoins, die cstckpourvue dans sa panic basse d'unorgaoeottfuimteur 
goofUbte, du faitqu'cn a affaire A on sou borgae ; de plus, la prfforme 4 poosede uoe 
portion d 'extrerni fit basse 40 de section elargie. 

La preTonne 4 est siipportee par une a ge mbulaiie 5 ea acicr, eajwlabte 
5 sir un tambour de atockage ulvi en surface, ct qui pennet de la fsixe desceadre a 
I 'intcYieur du puits, etdelui rourair les fluides de ctmentatios et de gonflage, tins que 
I'caergic dlectrique poor la polymerisation de la preTonne, par Hntennldiaire d'iro 
*spo«itif<fer*ccordeme^ 
kprtfoniKetseiaccoffJaatea 
10 Cc type detite^ackreorocJable est 

perlc terme anglais -COILED TUBING* - en iMge* "CT." 

Ccxnme odaest decrit dsns le WO-A-94/218S7 deja dte\ la prtTormeest 
obturfc a sea cxtitmitcs haute ct basse, de nuniere eomchc, par des manrhom arracha- 
bias et/ou deooupubia en fis d'opeiatioo. 
15 Laiate diatributrice 51 possede use double valve 52, 53, actionoable 

selectiveaent (oYptrit h surface). 

Comme iUustre* am figures 6 et 7, la valve 52 pennet de distribuer un 
-v. fiuidede gonflage a l*u^^ 

w ' distribwrunciment flmide a la base de la pceTonne,ai'exleneur<fceelleHa (flechesj). 

20 Comme ill urtrf a la figure 8, la preTonne 4 * qui se trouve tin tiaiemeai k 

Tte fsdiatemeitt rcfttf • est de^ 
ttavcra le troocoo de chemisage 2 deja en place. 

Bien cnteadu, pour que ceci soU possible, il eat necesseire que renconv 
bfeamt tnusversal delnpreTcx^ 
25 depUe^quiconespoodlcdui 

Lnrsque la preTonne est rcpliee sur cUe-rotae, eile prdscate une section en 
**IT ou en forme d'escargot - comme illustrd par example aux figures 6A et 6B, 
respects veount do document WO-A-94/25655 ; lorsqu'dle est deptiee die present* une 
section Qrcuislns* 
30 U preTonne 4 est poeiuor^ 

d'extremite* plus Urge 40 se trouve en regard de r^Urgiuexuent de puts 31 ; U longueur 
du trou 3 est determine* pour que, dans cette position* la portion supeneure de la 
prtTormese trouve ea regard (fc rdixgisscmeol 20 du tuUge oc^ ea place. 
On precede alon I rinjectta 
35 preTonne, via la valve 53 (Heches J, fi gure 9). 

Le ciment est cbotsi pour avoir use density voisine - voire Mgerement 
supeneure • de cetle de la boue liquide 7 se trouvant dans le pints, 
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L'arri vit de dment a la Use de la preTonne chasse done cette boue vers le 

haut. 

Comme iliustrd 4 li figure 10, on precede ensuite an gonflage de la 
preTormc, ca injectaot un fluide sous pressioo a I'intdrieur de cdle-d, via la valve 52 
5 (flectel). 

II s'agit soit d'uo liquide introdutt de I'exteneur (depuis la tile de puits) 
par le conduit 5 dans la preTorme, soit d'un liquide (can, boue ou pftrole) present dans le 
ptiits et pompe* dans la prdforroe. 

Le liquide de fonAage est avantageuaerneut cfcoia pour avoir une densite* 
10 tenement sttperienrc^ 

gonflage ra se faire p ro g rca si vemcnt du baa vers le haut, coca me symbolise par let 
fleetaCataflfurolQ 

A deTsut, la pcogrewioo du gonflage du bas vers le haut peut *tre controlee 
en prfvoyant, le long de la preTonne, une seric de bagucs de contention frangible*, dont 
15 leseuil denature est aiiap* a 

Le dment est par consequent refoule cgaleraent de bas en haut centre la 
paxoidu puits, oomme symbolise" par la fleche H. tandis que la boue 7 se crouve chassee 
vers le haut 

De prffcrcnee le volume de ciment penphdrique n*est pas suflisant pour 
20 atteindrtMpartie haute demr*^^ liaison sans dment dans 

la zone de joncuon entre les portions d'extremite* des deux tioncons 2 et 4 (voir figure 
11). 

De prdfensnco, la preTonne 4 possede une paroi en restne pel ymdrisahle a 
chaud. prise en sandwich entre une peau iateneure et une peau exterieurc elaiuques, et 
25 munie, cotd tnteneur, d'une reserve con tenant de la resine apte a migrer vera l'cxterieur 
pour former dea bourrdets annulaircs favorisant I'ancrage et 1 'enncheltd du cubage cootre 
la paroi du puits, 

line preTonne de ce genre est decritc dans la demande de brevet francaia 
9406691 depoa6ele7juiUet 1994 par la denunderesse, et dans son extension interna* 
30 tionale FCT/FR 95/00902, 

Cca verrous annulaires, repertia toutle long de la preTonne aont reTerences 
9 ; de preference ii eat prtfvu une densite' plus grande de verrous (e'est-a-dire un 
ecartement plus faibtc entre les venous) aux cxtftaites haute et basse de la preTonne, de 
maniere a assurer une bonne Itancblitl dans la liaison bout-a~bout des different* 
35 taxxoocA 

Le cnaulTage et la polymensation de In preTonne sont realises une fois le 
gonflage terming la prtaston de gonflage dtanl niaintenue a l'imftienrde la rntTormc, 
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A tilre iodicalif, U prtssioc interne est de I'onircdc 15 ben. 

Le chauflage de la preTorme pcut sc faire soft ea incroduisaitf ua fluide 
chaad a I* wteneur do la preTorme, aoit par reaction chimique cxotbcrmique, soit encore - 
de preTlience - par effet Joule, an moyen de rfsistances eleciriquej (fill chauffanta) 
5 dl yosccs dans It parol de la preTorme ou a proJrimitc* de cellexa, et alimeniecs en couranl 
e1ectriquecfcp<iisUltedepttiu% 

A utiturfcauT,U temperature neceae 
de 110a 14CTQetUdure«de cette e^est*^^ 

Lorsque la poiymeruatiois des verrous 9 et de la parol de preTorme est 
10 terminee, et que te ctoeot 6 a fait sa priee (figure 12). oa retire routUlage S00, SO, 51 
(fleck K. figure 13). 

On installe alors ua oun'l de coupe (501) a rextremite* du cube 5, et oa 
deooupe le maoefcoo d'cmnchelte' de 1 'extremi te* haute de la preTorme (polymcrisee) 4* 
(figure 14), qu'on arrache easuite. Oa opera de la mtae maaiere poor le mancbon 
15 infeneur. 

On obtieni alow ua trongon de caemisage rigide 4 y qui protoflge coaxialc- 
meaflentegepideddeat 2 (voir figure 15). 

L'openaoa qui vient d'etre dteice est biea sor rflteree, traacoa apres 
croncon, afin d^oboeair UproToodeur de puiti chemise* souhaitee. 
20 Dani un mode de realisation possible dc la preTorme, ceUe-ci a uoe ime 

composed a 30% de resine epoxy et a 70% de flbrea de vena, cette Ime ayaat one 
tfpeisteur de I'ordre de 14am ; les pcaux iatencurc et cxterieure, ea caoutchouc 
syntWtique, oat respecti vement tme cpaisseur de 2mm et de 6mm environ. 

A dtre indicauX la portion priocipale de la preTorme 4 possede, k Vim 
25 depW, un dtametre inteneurdc fordredc 1 40mm et tin dUmetrc exteneur de Toidsc de 
184mm, taadis que la portion elargie 40 potsede an diametre inteneur de Pordre de 
188mm et ua di metre exterieur de I'ordre de 236mm. 

Lea portions 30-32 et 31 du puits out dea diametres moyeas de Kordre de 
197mm et de 244,5mm, retpecti vemeat 
30 Laknguear desdifTdrents troncons peut natureUemeat toe tres vsjiablc ; a 

simple titre iadicafcT, la loagueur d'une preTorme peut toe de Pordre de 500m. 

La figure 16 represente ua putts P chemise* par ua ensemble de trots 
troo(OQsM.2Bet2Caboutesetdmcntcs. 

La figure 17 represent* schematiquemeat ime installation dctetede puits 
35 qui permct de mcttrc en oeuvre le proedde' telon I 'invention. 

Sur cette figure, la tfte de puits. rcTerenoec 55, est equipce d'unc structure 
metatiique (chassis) 100 entourant la tern de puits. 
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Cede structure 100 pone in injecteui 101 pourvu d'un sabot d'appui 102, 
et atrvant i supporter et a poosxr ks different* mateiicis iorsqti'ib $om desceodus dans 
tc putts ou fetifts de cetui-ci ; die sc trouve ft 1'aplomb de l'eotreedu puita. 

On ■ design* par la inference 54 on tambour de stockade sur lequd est 
5 enroiUfeUpreTorroe ; elk ca support^ pgu-unwigonact 

La reTemuae 540 dengue uo sabot de support et de guidagedek preTorme 
M'entrdedupuits. 

Lea reT feftnoea 56 et 57 designed dea tambcwswlesquelssomeurouJes 
et stock* respcctivcnieotles tubes "CT." (Coiled Tubini) 560 et 5. 
10 La tube 560serta supporter et k depleccr Poutil de forage ; le tube 5 

(commc dejfc. <fit) sert I supporter la preTorme, I amener lea fluides de gonflage ct de 
rimentalion a la preTorme, ct a U connecter 4 une source de courant electrique (pour U 
potymftiaation). 

L'elcctriciie' eat fournie pax un genentfeur Cectrique 58. 
15 La reTereace 59decigDe unecebine decontrotede roplratxon. 

De aumere cliwique, 1'entree du puits a forer est iaitiaJement game d'un 

cuvetage 550. 

Le trepan 1 eat adapt* k rextremitc* du tube 560, lequel eat derouM du 
tamboarr6oepteur56\ support* cl^d6im:\t*Mbatl(n^pwMfKAi&UpuYijyccM 101 
20 (voir figure 18), 

On precede ilon an forage du trou, de formo dtigec 3, dentin* i reoevoir 
le premier troocan (figure 19). 

Apret mise en place de la preTorme, ciroentation ct mije au rood, et enfin 
polymeriaation in situ dc ceOc-ci, viaun conduoteur electrique 580 relidau genermtcur 58, 
25 on retire le conduit central (50), k tube5auqoduesteitacbeVenro^ 
54 (vide) star Uquelle ctoit ini tialement atoctcee la preTorme (figure 20). 

La preTorme ae trouve aboutie, de majuefe*andsfi,aucuveiage550. 

On dcTait ensuile lea connexions bydraulique et electrique avec In 
preTorme, on inatallc et on sccUe de man i ere tranche autour de U tete du puits un 
30 appamOagcoe security sd-boc A, ceci par une technique conventionaeUe (figure 21). 

A Paide de t'outil de coupe 501, porte* par le tube 5, on decoupe lea 
maacfaooa d'tencb&ttl haul et bas (figure 22). 

LYtape suivaate conaiste a forer la section suivante, pour ofatenir un trou 
aagtf 3 pcoioogeajit leuxjooon 2 (figure 23). 
35 En*» te, on calibre ka diaractres et on verifie rslignement du troncon 2 ct 

du trou 3, a I 'aide d'un instrument approprie* 1000 (figure 24). 

On met en place une nouvdle preTorme (figure 25). 
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On la fait demndie dans iepuiu.ctonla potto oooe con veaaWement dans 
le trou 3 . On la oonnecte au tube 5, el on precede au gonflage, I la d mentation, eta (a 
potymenxrion (figure 26). 

Ob retire le conduit central 50, qu'on remonte et qu'on caroule sur le 
tambour neoepceur 54 (figures 27ct28). 

On suspend Pontil de coupe 501 au cube 5, et on le descend pour deoouper 
les manchons d'extremite* (figure 29). 

On obtienc una deux tronoons rigufcsaboutes2A f 2B (figure 30). 
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REVINDICATIONS 

1. Proc&de" pour forer ct chemiser un puits, notamment un puits de forage 
p6 troiicr, au moycn d'ua ensemble de troncons tubuUircs - oa prcTonnes - similaircs, 
irutialemeni aouptes, aptes a toe repliecs loc^itudinakmeat cur elles-memes pour tec 
introduites dans le puits, puis a ttrc depitecs radialemcnt sous reflet d'unc pressioa 
5 interne pour prendre une fonne cvtindrianc. et enfin a to n edifices in a to par polymeri- 
sation de leur parot, renconbrement tnuuveisal d'unc preTonne repliee e*tant de 
dimension maxunale senriblement inf erieure a son diameac interne 1 1'dtat deplid, et 
lesdite* pitTormes (4) posstdant une portion d'exvtaig (4© dom le diamine - apres 
deptieaenl - est legerement tupeneur a celui du rests de la preTonne, ce qui penaet leur 
10 jonctioe bout-a-bout par mbottemeat avec recouvremenl de ladite portion d*extnfmifif 
(40),caTactens4parlefaitque, 

r entree do puits, sa portion d'extrcrait* fiargie (40) tourae* vers le bo, 

a) on fait passer axjalemeat, de haut en bas a Havers ledit troncon (2), un 
outil de forage (l)„ et on fore au-destous et dans le jxolongement de ce troncon (2) un 

15 orai (3) de forme et de ptofondeur adaptecs pour recevoir le troncon suivaat ; 

b) on retire Poutil aefotaae ( 1) ; 

c) on introdutt une preTonne (4), a 1 *e»t replied a rinterieur du puits en la 
faiaant traverser le troncon (2) deja en place, et on la positionne oonvecabJemeat a 
I'intencur du trou (3), aa portion d'extremit* haute venant ae placer * rinterieur de la 

20 portion d' exftfmiat elargk (40) du tnoncon (2) ; 

d) on introduit un ciment fhride (6) au fond du trou (3), autour de la 
portion d'extremite* basse de la preTonne ; 

e) on introdutt un fluide sous preaaion (8). de density supecieuie k la 
densiut du dment (6), k rinterieur de la preTonne (4) aftn de la deplkr radialement, 

25 pros^eesivemeat de be* en hauc, en refoulaat ledmeot* egalcment de bas en beut, autour 
delapreTorme,eoauTUparoidutrou(3); 

Q tout en maimenaffl la preTonne sous preaaion interne, on en chaafle la 
paroi pour la porymenser ; 

g) |e ciment ayant pris, et la preTonne ayant durd pour cotutituer un 
30 troogon tubulair* rigjde de chenuaage (4*). on retire axlalement lea ontiilagcs ayant eervi 
au sonflage et a la pol ymensauon de It preTorme. ainii qu*a U diftribuboo du dment ; 

b) on reitere 1 'operation pour les troocons Movants, jusqu'a obtenir la 
longueur de putts chemise' aouhaitee. 

2 . RroceVJe* adoc revendicauon 1, caractense* parte fait qu'on utilise un 
35 outil deforage (I) du genre frepan,apte a occurs 
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ndiale. it avoir un premier tot d'enoombftment minimal, lui pennettant de passer k 
1 'inldrieur du troaeon (2) deji es place, un second <tat, d'encombremeat intennddieliv, 
pour !e forage de la parti e princtpajc (30) du trou (3) et un trotsifcme dtat, d'encombt em ent 
maximal, pour le forage de la parte (3 1) du trou (3) desanee a tecevotrU portion elargie 
5 debprtfonne(4). 

3 . Froo6dl ad on la revendicanoo 1 ou 2, cmdUtM par le fait qua ledit 
outillage comprcad use lite (51) 4 double valve (52, S3) placee en paitie basse de la 
pitfoirae(4).eiapteadistribUCT 
prtforroe (4) et an dmeot floide (7) a IVxtcnetrdeoeOo-d. 
10 4 , limaltetioc de focige a de ctonisay . dcstii^c a U mise ea ocuvre du 

pcoo6d«sdoolWdoreveodicadocuU3^ 
. t&edupuitt: 

• one bobine (54) de stockage etde nfccpdoo. a l^tat enrould, de ladite 

prtforme(4); 

15 - une tfcte (101) xurplomham Peotrfe (55) du puits, aple a pennettre le 

guidage et rintrodncuoa dans le puits de la prtfonne (4) et dcs different* tillages 
servant an Tonga du puits aim qo'au goanageetlUp^ymensan^delapc€Tonne: 

- desbobincs (56,57) destockagea l'6al earould de tubes mdtalliques 
elastiquement deTortnabks (560, 5) aptes if aire descendre el lemonter lesdlts cm tillages 

20 dans le puits. Tun (5) de ees tubes cooteaant un cable servant a rolimentsiion de la 
pttfonneeooounnitelectrique; 

- un gjenentteurde oourant electrique (59). 
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HARDENED IN SITU. 

57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are Initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 
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1 

PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED INSITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms — that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which — after unfolding — is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 

Thus, by using this type of preform, which is known, particularly through 
document WOA-94/2I887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

To accomplish this, and according to the invention, a first section is put in place 
at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 
of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 
the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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* spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

* figure 16 diagrammatically represents, in axial cross section, a well lined with 
three coaxially abutted sections; 

* figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure I, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
1 0 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
15 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow Fi in figure 1. 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 1 1 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/21887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 51. 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated -C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 3 1 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than — 
that of the liquid mud 7 found in the well 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4' (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4* is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 1 88 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 
5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 
entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 
extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
5 connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 
sleeves (figure 29). 

10 Two rigid, abutted sections 2 A, 2B are thus obtained (figure 30). 
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10 

CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections — or preforms — that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 
5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which — after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside -the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 
20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
thewallofthehole(3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4 7 ), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
15 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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